Abstract
L. nimipressuralis was previously detected in human clinical blood samples, suggesting that it might be associated with pseudobacteremia [9] . In addition, L. amnigena was isolated from a heart transplant recipient and an endophthalmitis patient [10, 11] . These papers, regarding two species of genus Lelliottia, mainly reported the environments and habitats of this genus as well as taxonomical characteristics. However, due to the limited number of the species in this genus, information on Lelliottia is not enough for the genus to be fully understood. To extend our knowledge on the genus Lelliottia, it is necessary to discover and study the new species. Therefore, in this study, we isolated a candidate strain of a new species of Lelliottia and studied this strain to verify if it is a new species through further taxonomical analysis and microbial/genomic characterizations. This new information on the new species will increase our understanding of the genus Lelliottia.
Strain PFL01
T was isolated from traditional Korean fermented clams (jogae-jeotgal) purchased in Sorae port, Inchon, Republic of Korea. Comparative phylogenetic analyses using the 16S rRNA gene sequence and MLST, molecular type analysis using Rep-PCR and biochemical assays using the carbohydrate fermentation test and cellular fatty acid profiling were conducted to verify if strain PFL01 T belonged to a new species of Lelliottia.
To isolate strain PFL01
T , a jogae-jeotgal sample was mixed with sterilized 0.1 % peptone water and serially diluted tenfold. Serially diluted samples were spread on a nutrient agar plate (Difco) and incubated at 37 C for 24 h. Single colonies were picked and sub-cultured into nutrient broth (Difco) aerobically at 37 C for 24 h. After incubation, the single strain cultures were stored in glycerol (16 %, v/v) at -80 C.
To confirm the growth condition of this strain regarding oxygen, it was incubated under aerobic and anaerobic conditions in tryptic soy broth (Difco). Anaerobic conditions were achieved using the BBL GasPak EZ anaerobic system and following the manufacturer's instructions (BD). This growth test showed the growth capability of this strain under both incubation conditions, substantiating that it is a facultative anaerobe.
To identify the isolated single strain, 16S rRNA gene sequencing was performed. Bacterial DNA was extracted and purified using the G-spin Genomic DNA Extraction Kit (iNtRON). Then, PCR amplification of 16S rRNA genes was performed with a universal primer set 27F (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and 1492R (5¢-GGTTACCTTGTTACGAC TT-3¢) [12] . The PCR products were purified using an AxyPrep DNA Gel Extraction Kit (Axygen). 16S rRNA gene sequencing was conducted using a capillary DNA sequencing method by Macrogen. Based on the 16S rRNA sequence analysis using BLASTN [13] and EzBioCloud from the EzTaxon-e server [14] , each single strain was identified. Among them, the Lelliottia strain was detected and designated strain PFL01 [15] using the maximum-likelihood method, neighbour-joining method and the maximum-parsimony method [16] . The Kimura two-parameter model [17] T (98.7 %) (Figs 1a, S1a and b, available in the online version of this article). However, the phylogenetic tree using 16S rRNA sequences did not differentiate Lelliottia strains from Enterobacter strains, probably due to low resolution.
To distinguish and further understand the taxonomic relationship between Lelliottia and Enterobacter, MLST analysis with four housekeeping genes was performed. Bacterial DNA extraction, PCR and purification of PCR products were conducted with the same methods as the 16S rRNA gene sequencing. PCR primer sets, targeting four housekeeping genes encoding the partial ATP synthase b subunit (atpD), DNA gyrase (gyrB), initiation translation factor 2 (infB) and RNA polymerase b subunit (rpoB), were prepared as previously described [18] . DNA sequences of the four genes were assembled in the order of atpD-gyrB-infB-rpoB, resulting in a 2636 bp DNA sequence. DNA sequences of the housekeeping genes of other Lelliottia and Enterobacter were obtained from the GenBank database (Table S1 ) and assembled in the same manner. MLST-based comparative phylogenetic tree analysis was performed by using the same method as the 16S rRNA-based comparative phylogenetic tree analysis. Notably, strain PFL01
T and other two Lelliottia species strains are very closely related in a separate small group of the 16S rRNA and MLST-based phylogenetic trees (Figs 1a, b, S1a and b). In this small phylogenetic group, strain PFL01
T was closest to L. nimipressuralis LMG 10245
For ANI analysis and G+C content calculation among Lelliottia species, their genome sequencing was performed after genomic DNA preparation using a G-spin Genomic DNA Extraction Kit (iNtRON). The complete genome sequence of the strain PFL01 T (GenBank accession no. CP018628) was obtained using the PacBio RS II sequencing platform (Pacific Biosciences) by LabGenomics and the draft genome sequence of L. amnigena LMG 2784 T (PDDA00000000) was obtained using the Illumina MiSeq sequencing platform by Senigen. In addition, the draft genome sequence of L. nimipressuralis LMG 10245 T (MKER00000000) was obtained from the GenBank database. Comparative whole genome analysis was determined using the ANI method, which established the average similarity between a complete genome sequence of strain PFL01
T and draft genome sequences of L. nimipressuralis LMG 10245 T and L. amnigena LMG 2784
T . Based on the BLAST algorithm, ANI values were calculated using JSpecies [19] , showing 83.4 and 84.8% ANI values against L. nimipressuralis LMG 10245 T and L. amnigena LMG 2784
T with the PFL01 T complete genome sequence, respectively (Fig. S2, Table S2 ). ANI analysis has been proposed as an alternative to DDH for identification of a novel bacterial species. ANI values of 95-96 % correspond to DDH values of 70 % for identification of a novel bacteria species [20] . In addition, the G+C content of the genomic DNA from PFL01 T was 55.3 %, which was greater than those from L. amnigena LMG 2784 T (52.8 %) and L. nimipressuralis LMG 10245 T (53.9 %).
Rep-PCR and ERIC-PCR fingerprint techniques can serve as species discriminatory techniques throughout the family of Enterobacteriaceae [21] . To assess the possibility of a new species, DNA fingerprinting experiments using Rep-PCR and ERIC-PCR were performed with strain PFL01 T and other Lelliottia strains [22] . For Rep-PCR, a PCR primer set (REP1R-I and REP2-I) was prepared and Rep-PCR conditions were used as previously reported [23] . For ERIC-PCR, a primer set (ERIC1R and ERIC2) and ERIC-PCR conditions followed the previously reported methods [23, 24] . The results of Rep-PCR and ERIC-PCR showed that three Lelliottia strains have quite different PCR patterns (Fig. 2) .
To observe the cell morphology of PFL01 T , field emission scanning electron microscopy (FE-SEM; LEO Supra 55, Carl Zeiss) was used according to the protocol of Jung et al. [25] . Cells of strain PFL01
T were fixed with paraformaldehyde-glutaraldehyde-lysine at 4 C for 2 h. After washing, secondary fixation was conducted with potassium ferricyanide and MLST analysis using concatenated partial atpD, gyrB, infB and rpoB gene sequences (Table S1) . Bootstrap values after 1000 replicates are expressed as percentages over 50. Bar, number of substitutions per site.
osmium tetroxide. After dehydration of the fixed cells in a graded ethanol series, the cells were dried at room temperature for 12 h and then coated with platinum. Finally, the processed cells were observed using FE-SEM at 10 kV. FE-SEM observation showed that cells of strain PFL01 T were short and straight rod-shaped (Fig. S3) . In addition, Gram staining was conducted using a BD Gram stain kit (BD) according to the manufacturer's instructions, and then its morphology was observed using a Leica microscope (DM2500). This strain was confirmed to be Gram-stain-negative. Motility of PFL01
T was examined by monitoring spreading growth in a semi-solid agar medium [26] , substantiating that the strain is indeed motile. Oxidase activity of this strain was tested using Bactident oxidase test strips (Merck) and its catalase activity was evaluated by assessing bubble formation in 3 % (v/v) hydrogen peroxide. This strain was confirmed to be oxidase-negative and catalase-positive, which is the same as other Lelliottia species (Table 1) .
To further distinguish strain PFL01
T from other Lelliottia species strains, a VITEK2 compact system (bioM erieux) with the GN ID card for Gram-stain-negative strains with specific carbohydrate fermentation and enzyme activity was employed, and API 50CH strips (bioM erieux) were used in conjunction with API 50CHB/E medium (bioM erieux) for carbohydrate fermentation. The different phenotypic characteristics of strain PFL01
T from other Lelliottia species strains are listed in Table 1 . While glycerol, potassium gluconate and potassium 5-ketogluconate could be used only by PFL01
T , arbutin and salicin could be fermented by other Lelliottia species strains but not PFL01 T (Table 1 ). In addition, while only PFL01
T had specific g-glutamyl-transferase and glycine arylamidase enzyme activity, it did not have b-xylosidase or b-glucosidase activities, which are present in other Lelliottia species strains (Table 1) . Interestingly, only strain PFL01 T could grow at 45 C. Based on these properties of carbohydrate fermentation, enzyme activity and growth at 45 C, strain PFL01 T should be classified as a novel species of Lelliottia.
Composition analysis of cellular fatty acids in specific bacterial strains using the fatty acid methyl ester (FAME) technique has been broadly used for bacterial identification [27] . The cells of PFL01
T and other Lelliottia species strains were harvested after incubation on TSA at 37 C for 2 days. The cellular fatty acids were converted to methyl esters, extracted, analysed and identified for composition analysis according to the procedures by Lee et al. [28] . Comparative analysis of their fatty acid composition profiles revealed that the PFL01 T has two major fatty acids, C 16 : 0 and cyclo-C 17 : 0 (Table 2) . Moreover, PFL01
T had quite different fatty acid profiles in regard to C16 : 0, cyclo-C 17 : 0 and summed features 3 and 8, compared to L. nimipressuralis LMG 10245 T and L. amnigena LMG 2784 T .
In this study, strain PFL01 T was characterized and differentiated from the known Lelliottia species, L. nimipressuralis
LMG 10245
T and L. amnigena LMG 2784 T , with regard to both genotype and phenotype. Genotypic characterization of PFL01
T was performed using 16S rRNA sequencing, MLST analysis, Rep-and ERIC-PCR analyses, G+C content analysis using complete genome sequencing and whole genome comparative analysis using the ANI method. Comparative phylogenetic tree analyses using 16S rRNA sequencing and MLST analysis showed that Lelliottia forms a distinct taxonomic group from Enterobacter and strain PFL01
T is distinct from the other two species of Lelliottia. The PCR band patterns from Rep-PCR and ERIC-PCR also showed that PFL01 T had quite different band patterns from other species in the genus Lelliottia. Subsequent analysis of the G+C content of PFL01 T showed that it had the highest G+C content (55.3 %). In addition, the ANI value of PFL01 T and L. nimipressuralis LMG 10245 T was 83.4 % and that of PFL01 T and L. amnigena LMG 2784 T was 84.8 %, which corresponds to less than 95-96 % (under 70 % using DDH) [20] , substantiating that PFL01
T is a novel species of Lelliottia. Furthermore, phenotypic characterization of PFL01 T was conducted using VITEK, API and cellular fatty acid composition analysis. API and VITEK analyses indicated that PFL01
T had unique characteristics in regard to carbohydrate fermentation and enzyme activities. Moreover, analysis of the cellular composition of PFL01
T was also quite different than the known species of Lelliottia. Therefore, these results provide evidence that PFL01
T represents a novel species of genus Lelliottia, for which the name Lelliottia jeotgali sp. nov. is proposed. Cells are Gram-stain-negative, motile, rod-shaped (1.2-1.6Â0.6-0.7 µm) and facultative anaerobic. After 48 h at 37 C in nutrient agar medium, colonies are 4.5±0.5 mm in diameter, irregularly circular, smooth, translucent, flat or raised, and beige-pigmented. Growth occurs at 10-45 C (optimum, 30 C), but not at 4 or 50 C. Growth occurs at pH 5-9 (optimum, pH 8), but not at pH 4 or 10. Growth occurs at 0-8 % NaCl (w/v) (optimum, 0.5 %), but not at 9 % NaCl (w/v) in nutrient broth medium. Grows occurs in TSA, de ManRogosa-Sharpe agar, brain heart infusion (BHI), Luria-Bertani agar, M17 agar and MacConkey agar media. Cells are positive for catalase activity and negative for oxidase activity. Cells hydrolyse aesculin. Acid is produced from glycerol, 
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